Severe sepsis and septic shock afflict an estimated 750,000 people in the United States each year and together are the leading cause of death in the intensive care unit 1 . Myocardial dysfunction in the setting of severe sepsis and septic shock is well documented. Decreased systolic function, reversible ventricular dilation and reduced responsiveness to fluid resuscitation and catecholamines characterise this dysfunction 2 . Cytokines such as tumour necrosis factor-α and interleukin-1ß may act as circulating myocardial depressants, given that global myocardial perfusion has been shown to be normal or increased [3] [4] [5] [6] .
Serum assays for troponins are highly sensitive and specific markers for myocardial cell injury. The American College of Cardiology, the American Heart Association and the European Society of Cardiology have accepted troponin measurement in serum as the standard biomarker for the diagnosis of acute myocardial infarction and for diagnosis, risk stratification and management of acute coronary syndromes 7, 8 .
Elevations of troponin I have been predictive of increased mortality in patients with acute coronary syndrome 9,10 and even moderate elevations have been associated with increased morbidity and mortality in surgical intensive care unit (SICU) patients 11 . Multiple smaller studies have characterised the incidence of troponin I elevation in patients with critical illness or sepsis [12] [13] [14] [15] [16] [17] [18] . Elevated troponin I has been reported in 43 to 85% of patients, depending on the threshold value utilised to define an elevated level 19 . In this context, these SUMMArY A prospective, observational study was undertaken to determine the frequency of troponin I elevation and the incidence of pre-existing cardiac disease in patients with severe sepsis and septic shock, and to determine their relationship to mortality.
The setting was the surgical intensive care unit of a tertiary care medical centre. Sixty-six consecutive patients admitted with severe sepsis or septic shock requiring pulmonary artery catheterisation for haemodynamic monitoring were studied. Measurement of troponin I was done at the time of pulmonary artery catheterisation and every six to eight hours if there was ongoing tachycardia, hypotension or arrhythmias requiring treatment. Preexisting cardiac disease was determined from the patient and/or family members as well as from the medical record. Significant cardiac history was defined as prior myocardial infarction; abnormal treadmill report, nuclear medicine study or coronary angiogram; history of congestive heart failure or arrhythmia requiring treatment.
Forty-two patients (64%) had elevated troponin I at study entrance and 23 patients (35%) had pre-existing cardiac disease. History of cardiac disease was associated with reduced cardiac index and oxygen delivery, and a nearly three-fold increase in mortality (44% vs. 16%, P=0.03), irrespective of elevated troponin I levels. Troponin I elevation alone was not associated with increased mortality.
We conclude that pre-existing cardiac disease and elevated troponin I are commonly found in surgical patients with severe sepsis and septic shock. In our study, pre-existing cardiac disease, and not troponin I elevation, was associated with increased mortality.
investigations arrived at the collective conclusion that elevations of troponin I correlated with depressed left ventricular function and increased mortality. These studies were conducted in general or medical intensive care units and consisted of small groups of patients.
We conducted the present analysis of myocardial injury in patients with severe sepsis or septic shock in a single institutional, tertiary care referral centre, to quantitate the incidence of pre-existing cardiac disease and troponin I elevations in patients admitted to an SICU. This was undertaken to further determine the potential impact these parameters had on mortality in surgical patients with severe sepsis and septic shock.
MATErIALS AnD METHoDS

Study population
Patients with severe sepsis and septic shock admitted to the SICU requiring placement of a pulmonary artery catheter were prospectively observed for the duration of their hospital course.
Indications for pulmonary artery catheter placement included: persistent tachycardia (heart rate >100 /min), hypotension (systolic blood pressure <90 mmHg), urinary output <0.5 ml/kg/h after fluid replacement, worsening oxygenation (P a O 2 /Fio 2 <150 mmHg) or deteriorating renal function (serum creatinine increase by >20% from baseline).
Severe sepsis was defined as a documented infection accompanied by the systemic inflammatory response syndrome and evidence of organ dysfunction. Septic shock was defined as severe sepsis accompanied by persistent hypotension (systolic blood pressure <90 mmHg or decrease >40 mmHg for at least one hour) requiring vasopressors after adequate fluid resuscitation, as defined by Bone et al 20 .
In order to prevent confounding of the differentiation between acute and chronic cardiac disease, abnormal cardiac studies obtained either on admission to the SICU or subsequent to admission did not constitute criteria for pre-existing, or prior, cardiac disease. Pre-existing history of cardiac disease was defined as either an abnormal treadmill report (any exercise-induced ischaemia), nuclear medicine study (any chemically induced ischaemia or evidence of reversible or nonreversible ischaemia), or coronary angiogram (ejection fraction <40%, evidence of prior infarction, or coronary artery stenosis or occlusion); prior myocardial infarction; history of congestive heart failure; or arrhythmia requiring treatment, preceding the current hospital admission.
Prior to study inception we selected a history of an abnormal echocardiogram (ejection fraction <40%, or any degree of wall motion abnormality), as one of the screening criteria to identify potential subjects, in order to capture all patients with a history of pre-existing cardiac disease for this study. In all instances the echocardiograms that had been obtained prior to the current hospital admission were done in patients with a history of ischaemic coronary artery disease (one patient), atrial fibrillation requiring pharmacologic therapy (two patients), or congestive heart failure (two patients). Therefore, prior history of an abnormal echocardiogram did not add to the identification of patients with a pre-existing history of cardiac disease. Exclusion criteria included age <18 years, pregnancy, or history of recent chest trauma. The Queen's Medical Center Institutional review Board approved this study.
Study protocol
The time of pulmonary artery catheter insertion was defined as the time of study entry (T 0 ). A continuous cardiac output pulmonary artery catheter (Edwards LifeSciences Corporation, Irvine, California, U.S.A.) was inserted after informed consent was obtained from the patient or designated surrogate and this catheter was used for titration of fluids and vasoactive agents. All clinical decision-making, including the decision to place a pulmonary artery catheter, was made by the surgical intensivist team assigned to the SICU while the patient was hospitalised. All surgical and trauma patients admitted to the SICU are admitted specifically to this team for management. A detailed cardiac history was obtained from the patient and/or family members as well as from the medical record. Predefined parameters for therapy in this setting were based on a previous trial published by our group 21 . This protocol was followed independent of the patient's cardiac history or troponin I levels.
In brief, patients were treated to a mean arterial pressure of ≥65 mmHg, systolic pressure ≥100 mmHg or within 40 mmHg from a known baseline, heart rate <100 /min and a urine output ≥1 ml/kg/h. Additionally, treatment goals also included achieving a lactate level that demonstrated a decreasing trend, if initially elevated. The goal was also to maintain the mixed venous oxygen saturation (SvO 2 ) ≥70% and oxygen delivery (Do 2 ) ≥600 ml/min/m 2 . This was accomplished by infusing crystalloid or colloid of 250 to 500 ml, or blood infusion if the haemoglobin was ≤100 g/l, in order to achieve a pulmonary artery occlusion pressure (PAoP) of 15 to 18 mmHg. The PAoP was measured at end expiration, or measured with positive end expiratory pressure (PEEP) stopped for <1 second if the PEEP was >10 cm H 2 O. Once this PAoP was achieved, fluid resuscitation was deemed adequate and a dobutamine infusion at a rate of 2 to 5 μg/kg/min was started if the systolic blood pressure was >100 mmHg. Dobutamine infusion was titrated to achieve predetermined treatment goals up to 20 μg/min/m 2 , or until patients became tachycardic (heart rate >100 /min). All patients who received noradrenaline or adrenaline were given infusions starting at 1 μg/min titrated to a predetermined blood pressure of ≥100 mmHg, if patients were hypotensive despite an adequate PAoP of 15 to 18 mmHg.
Serum troponin I levels were drawn at T 0 and every six to eight hours subsequently, if there was ongoing tachycardia, hypotension or arrhythmias requiring treatment, for a duration of 24 to 48 hours after the initial sample was obtained. This was done to evaluate patients for ongoing myocardial dysfunction and to confirm that the levels of troponin I had peaked. Troponin I levels were measured using the Access Analyzer (Beckman Coulter Inc., Fullerton, California, U.S.A.) and a level of >0.1 µg/l was considered elevated per manufacturer guidelines. Age, gender and Acute Physiology and Chronic Health Evaluation II (APACHE II) score were recorded. Patient data were recorded hourly and included heart rate, blood pressure, central venous pressure, PAoP, cardiac index (CI), Do 2 , SvO 2 and vasopressor or inotrope use. Hospital mortality, ventilator days, SICU length of stay (LoS) and overall hospital LoS measured in days, were assessed and recorded by blinded investigators.
Statistical analysis
results are presented as mean ± standard deviation (SD) for continuous variables and as percentages for categorical variables. Two-tailed t-tests were used for comparison of continuous variables and Chi square tests were used for comparison of categorical variables. A P value of <0.05 was considered statistically significant.
rESULTS
Sixty-six consecutive patients with severe sepsis or septic shock were studied. Demographics are presented in Table 1 .
Troponin I was elevated in 42 patients (64%) at T 0 with a mean value of 1.65±3.99 μg/l. Subsequent results of troponin I levels obtained in patients with an elevation at T 0 remained elevated for the duration of measurement. There was no instance when a patient who had a normal reference range troponin I level at T 0 was found to develop an elevated level on retesting due to persistent tachycardia, hypotension or arrhythmias requiring treatment. Therefore, analysis of results was done using the troponin I value at T 0 . Comparison of patients with and without troponin I elevation are presented in Table 2 .
For the 17 patients with a pre-existing cardiac history with elevations of troponin I, admitting diagnoses included necrotising fasciitis (two patients), acute cholecystitis (two patients), perforated sigmoid diverticulitis (two patients) and one each with the following diagnoses: pancreatic cancer, colon cancer, gangrenous small bowel obstruction due to adhesions, non-gangrenous small bowel obstruction due to adhesions, right foot gangrene, peripheral vascular disease, enterocutaneous fistula, small bowel volvulus, perforated duodenal ulcer, pelvic fracture and right hip fracture. Ten patients were admitted to the SICU immediately postoperatively on the day of surgery, three were admitted on postoperative day one, one each was admitted on postoperative days three, four and eight; and one was admitted directly from the emergency room on hospital day one and did not undergo surgery.
For the six patients with a pre-existing history of cardiac disease without troponin I elevation, admitting diagnoses included: perforated sigmoid diverticulitis, pelvic abscess, ruptured abdominal aortic aneurysm, development of acute renal failure and respiratory failure four days after admission to the general inpatient ward for observation after a low impact fall, perforated jejunum and perforated acute cholecystitis. Four patients were admitted to the SICU immediately postoperatively on the day of surgery, one on postoperative day eight and one on hospital day four.
There were no significant differences in gender or APACHE II scores. Patients with elevated troponin I appeared to be older (67.2±18 vs. 59.9±16 years, P=0.10) and more likely to have cardiac disease (40% vs. 25%, P=0.32), although this did not reach statistical significance. oxygen delivery at T 0 was significantly reduced in the elevated troponin I group compared to the normal level troponin I group (528±152 vs. 624±157 ml/min/m 2 , P=0.02). Thirty-six percent of these patients required inotropic support to maintain oxygen delivery at the predetermined goal. This observation did not translate into demonstrable differences in ventilator days, SICU or hospital LoS between these two groups.
Four patients in the group of 17 patients with preexisting cardiac history and troponin I elevations had undergone prior coronary reperfusion (three coronary artery bypass grafting, one percutaneous transluminal coronary angioplasty). Three patients in the group of six patients with pre-existing cardiac history and no elevation of troponin I had undergone prior coronary reperfusion (two coronary artery bypass grafting, one percutaneous transluminal coronary angioplasty). The difference between these two groups was not significant (P=0.97). When subgroup analysis was done on the patients with a prior cardiac history, comparing the number of patients who underwent coronary reperfusion procedures in the group of 17 patients with troponin I elevation and the group of six patients with no elevation of troponin I, there was again no significant difference between the two groups (P=0.49).
Twenty-three patients had a history of cardiac disease as defined above. There were 43 patients without a history of cardiac disease. In this group, admitting diagnoses included necrotising fasciitis (six patients), traumatic brain injury (five patients), acute cholecystitis (three patients), bladder cancer (three patients), gangrenous small bowel obstruction due to adhesions (two patients), perforated peptic ulcer disease (two patients), hip fracture (two patients), pancreatic cancer (two patients); and one each with sigmoid cancer, urosepsis, perforated oesophagus, non-gangrenous small bowel obstruction due to adhesions, thoracic spine fracture of the ninth vertebral body with paraplegia, caecal gangrene, right hydronephrosis with urosepsis, subdural haemorrhage, splenic laceration, oesophageal cancer, duodenal cancer, colon cancer with postoperative small bowel obstruction, gastric cancer, degenerative disc disease with spinal stenosis, cervical spine fracture of second vertebral body, mangled extremities due to crush injury on a ship five days earlier, radiation ileitis with perforated ileum and necrotising pancreatitis. nineteen patients were admitted to the SICU immediately postoperatively, two were admitted on postoperative day one, two on postoperative day three and one each on postoperative days five, six, seven, nine, 20 and 26. Of those patients who did not undergo surgery, 10 were admitted to the SICU on the day of hospital admission, two on hospital day one and one on hospital days two and five. Comparison of those with and without pre-existing cardiac disease is presented in Table 3 . Gender, APACHE II scores and sources of infection did not differ between groups. Patients with pre-existing cardiac disease were significantly older (P <0.001) and had lower CI (P=0.006) and not unexpectedly therefore, a lower Do 2 (P=0.002) at T 0 . Similar vasopressor and inotropic requirements were observed regardless of whether there was a history of cardiac disease. Mortality was significantly higher in the group with a cardiac history (44% vs. 16%, P=0.03). There were no differences in ventilator days, SICU or hospital LoS.
Mortality was evaluated in the presence and absence of both troponin I elevation and preexisting cardiac disease. Patients with both troponin I elevation at T 0 and a prior history of cardiac disease had an in-hospital mortality of 47%, the highest of any subgroup. Mortality was due primarily to multisystem organ failure. Patients with elevations of only troponin I, and no history of pre-existing cardiac disease, did not demonstrate a higher mortality compared to patients with no elevation of troponin I and no prior history of cardiac disease. 
DISCUSSIon
our study specifically investigates the impact of pre-existing cardiac history and troponin I elevations in surgical patients with severe sepsis or septic shock treated with a pulmonary artery catheter. We report a 64% incidence of troponin I elevation, which is consistent with previous publications [12] [13] [14] [15] [16] [17] [18] [19] . Previous authors have noted a high incidence of troponin I elevation in septic patients at different points in time during their hospital course. Ver Elst et al reported troponin I elevation in 39% of patients with septic shock at the time of their study entry. All outcome data were based upon the 50% of patients (n=23 patients) who had troponin I elevation within the first 48 hours of study 13 . Ammann et al followed 58 patients with the systemic inflammatory response syndrome, sepsis or septic shock in two medical intensive care units and reported troponin I and T elevation in 63% of patients within the first eight days of observation 15 .
Other reports have noted troponin I elevation in 43 to 85% of patients with sepsis 12, 14, 18, 19 . Elevations of troponin T have likewise been reported by Spies et al who found 69% of 26 septic patients had levels indicative of myocardial injury 16 . our findings demonstrate troponin I is frequently elevated at the onset of severe sepsis or septic shock when subsequent haemodynamic interventions may be most effective 22 .
Several studies have shown an association between troponin I elevation and increased mortality. The prognostic value of troponin I elevation in acute coronary syndrome, in terms of morbidity and mortality, is well documented 9, 23, 24 . recently, the importance of troponin I as a surrogate marker for risk stratification and prognosis in patients with other critical illnesses has been appreciated. relos et al examined 2591 SICU patients for troponin I elevation at a tertiary care hospital 11 . Even moderate elevations of troponin I (0.4 to 2.0 μg/l) in postsurgical patients were associated with higher mortality, longer intensive care unit stay and longer hospital stay.
We found an in-hospital mortality of 29% for patients with severe sepsis or septic shock and troponin I elevation at T 0 , compared to 21% for patients without troponin I elevation. This difference did not reach statistical significance, contrasting previous reports. Three studies have demonstrated a statistically significant increase in mortality in patients with troponin elevation in the setting of sepsis or other critical illness. Ammann et al examined 58 critically ill medical intensive care unit patients, most of whom had the systemic inflammatory response syndrome, sepsis or septic shock 15 . In 32 of these patients with troponin I or T elevation, 30-day mortality was 22.4%, compared to 5.2% in 26 patients without troponin I or T elevation (P <0.018). Spies et al found elevations of troponin T in 18 of 26 septic patients in a SICU, with a mortality of 83% 16 . This was significantly higher than the 37% mortality for those septic patients without troponin T elevation. This group comprised only three out of eight patients without troponin T elevation and this may have resulted in a type I error. Furthermore, the overall mortality of 69% in this series is considerably higher than what is typically reported in the literature, in part probably due to the relatively higher mean APACHE II score of 48, reported for this patient cohort. Mehta et al examined 37 critically ill patients with septic shock and obtained troponin I levels at study entry, 24 hours and 48 hours. Troponin I elevation was present at some time point in 43% of patients and proved to be an independent predictor of death and prolonged intensive care unit stay 18 . However, Mehta et al excluded from analysis patients with pre-existing cardiac disease, a significant group of patients typically admitted to the intensive care unit and a group that comprised 35% of patients in our study.
Additional studies have demonstrated trends toward increased mortality in septic patients with troponin I elevation, but they have been underpowered due to the small number of patients in these studies [12] [13] [14] [16] [17] [18] [19] .
There was no statistically significant difference in mortality between patients with and without troponin I elevations in our study population. This is in contradistinction to previous studies, but there are several differences between our study and previous studies. First, we used a pulmonary artery catheter and resuscitated patients to pre-defined treatment goals. Second, the time of measurement of troponin I was at study entry. Patients with elevated troponin I had reduced Do 2 at T 0 compared to patients without troponin I elevation. These patients were immediately and aggressively treated to goal Do 2 values using a combination of volume infusion, red cell transfusion and inotropic and/or vasopressor support utilising an established treatment algorithm 21 . The differences in Do 2 between patient groups were thus reduced or eliminated early in their SICU course, potentially reducing morbidity and mortality in patients with elevated troponin I. The mortality reported in our study is consistent with the lower end of reported values for this group of patients.
The mean value of troponin I elevation in our study was relatively low (1.65±3.99 μg/l) in comparison to values seen in acute coronary syndrome. These levels may reflect mitochondrial dysfunction with reversible cardiac injury and transitory release of troponin I, as opposed to myofibrillar degradation common in myocardial infarction 25 . Elevated troponin I and T have been found in numerous other noncardiac settings including endurance exercise [26] [27] [28] , subarachnoid haemorrhage 29, 30 , renal failure 31, 32 and pulmonary embolism 33, 34 . However, in each of these settings, elevated troponin I or T has been accompanied by either echocardiographic evidence of myocardial dysfunction or an increased risk of death. Troponin elevation in sepsis may similarly be of prognostic value.
our study may have been underpowered to detect a statistically significant difference in mortality between patients with and without troponin I elevations. The small number of patients in each subgroup may have resulted in a type II error and may have limited our ability to demonstrate significant differences between each. Furthermore, although all patients in this study met predefined criteria for sepsis or septic shock, the primary admitting diagnoses comprised a heterogeneous group, which also may have potentially impacted our results. However, the study group typifies the mix of patients often encountered in an SICU.
We did find, however, a strong association between pre-existing cardiac disease and mortality in septic patients. Patients with a prior history of cardiac disease had an in-hospital mortality of 44% and were almost three times as likely to die from severe sepsis or septic shock compared to those without a prior history of cardiac disease. Previous studies have either not specifically examined the portion of patients enrolled with pre-existing cardiac disease 11, 14, 15, 17 , or the sample size was too small to find a statistically significant difference 12, 13, 16 , or patients with pre-existing cardiac disease were excluded altogether 18 . raper et al examined normotensive, septic patients with and without coronary artery disease and found no difference in mortality, although CI was significantly reduced in patients with coronary artery disease 35 . Ver Elst et al examined 46 patients with septic shock, of whom 10 had a prior history of myocardial infarction 13 . Within this subgroup, nine of 10 patients had an elevated troponin I and six patients ultimately died. A prospective survey of 11,828 intensive care unit admissions in France, including 742 patients with severe sepsis, identified chronic cardiovascular insufficiency as an independent risk factor for increased mortality 36 . The study was based on registry data and the nature of the cardiovascular insufficiency was not further defined other than by APACHE II and the Simplified Acute Physiology Score criteria.
The fact that we were able to demonstrate increased mortality in severely septic patients or septic shock patients with underlying cardiac disease could be due to the specific characteristics of our study population. Hypotension or organ dysfunction was present in all of our patients at study entry by definition. This emphasises the importance of baseline, premorbid, cardiac function compared to patients with systemic inflammatory response syndrome or sepsis alone. In our patient population, cardiac disease was prevalent (35% of patients) and the patients were older relative to other publications 19 . The argument may be made that overaggressive attempts using our predefined treatment algorithm to increase CI, and thus Do 2 , in this subgroup of older patients may actually be deleterious and resulted in the increased mortality observed in the group of patients with pre-existing cardiac disease. Contrary to this, we published the results of a randomised trial that demonstrated a statistically significant improvement in survival rate in patients between 50 to 75 years of age with a diagnosis of systemic inflammatory response syndrome, sepsis, severe sepsis, septic shock and/or acute respiratory distress syndrome with treatment goal to achieve a Do 2 of ≥600 ml/minute/m 2 . Although there was no benefit, there was also no difference in mortality rate in the age group >75 years of age in this trial 21 .
Cardiac reperfusion status did not appear to affect the results of this study. The number of patients who underwent coronary artery reperfusion procedures in both groups of patients with a prior cardiac history (with troponin I elevation and without troponin I elevation) were small. The difference between both groups was not statistically significant, even with subgroup analysis. Moreover, renal failure, commonly encountered in septic patients, may affect the clearance of both troponins I and T. Based on serum creatinine levels as a biomarker, there was no difference in the prevalence of renal insufficiency or failure between the groups examined 19, [31] [32] .
In summary, myocardial injury commonly occurs in patients with severe sepsis and septic shock. These patients, who present with troponin I elevation and/or pre-existing cardiac disease, are likely to have myocardial dysfunction demonstrated by invasive monitoring. Pre-existing cardiac disease has been associated with increased mortality in patients with severe sepsis and septic shock. In our study, troponin I elevation in the absence of pre-existing cardiac disease did not predict a significant increase in mortality. This may be explained by differences in our patient selection, timing of troponin measurements and the early use of a pulmonary artery catheter to reach perfusion and treatment goals, although the utility of pulmonary artery catheters to affect patient outcome has been called into question based on randomised trial data 37 .
A history of pre-existing cardiac disease, and not troponin I elevation, was found to be a valuable marker of significant cardiac compromise in severe sepsis and septic shock patients in this study. If this finding is verified by others, in larger studies, it may alert clinicians to the increased risk of mortality in this cohort of patients with preexisting cardiac disease. This may further enable early application of goal-directed therapies. Early implementation of goal-directed therapies may improve outcome in patients with sepsis and septic shock, although this concept is not universally accepted 22 . In this study all patients were treated according to a predefined institutional protocol and thus this study was not designed to investigate the impact of early implementation of goal-directed therapy on outcome in this group of patients. A randomised controlled trial is necessary to address this.
Given that this was an observational study, we propose to study a much larger group of patients to include both nonseptic patients and septic patients admitted to the SICU, not requiring a pulmonary artery catheter, to determine if elevated troponin I levels and pre-existing cardiac disease are true surrogate markers and reliable discriminatory parameters of risk stratification and prognostication in septic surgical patients. 
